Background: Hematological cancer survivors are growing in number and increasingly rely on oral therapy. Given known poor outcomes associated with non-adherence and previous evidence that many patients do not fully adhere to their treatment regimen, this study aimed to determine the degree to which clinicians monitor adherence to oral medication in hematological cancer survivors. Methods: Data was combined from two cross-sectional surveys of a heterogeneous sample of 431 hematological cancer survivors recruited from three outpatient hematology clinics in three different states (n = 215) and one state cancer registry (n = 216) in Australia. Participants completed a self-administered survey that included demographic characteristics and a 7-item measure of medication adherence developed by the researchers specifically for the purpose of the studies. Results: Of the 431 participants, 37 % (n = 160) reported currently taking daily cancer-related medication. Of these, 14 % (n = 23) were found to be non-adherent with 'missing a dose' being the most commonly reported non-adherent behaviour. Only 41 % of survivors indicated that their hematologist or cancer clinician had 'always' asked about their cancer-related medication during their last six visits. Conclusions: Non-adherence to oral therapy remains a problem in hematological cancer survivors, yet clinicians in Australia do not appear to be regularly monitoring adherence in their patients. Given an increasing dependence on oral therapy in clinical hematology and medical oncology and the importance of medication adherence to optimising health outcomes, greater effort should be invested in developing effective interventions to improve support and adherence monitoring by cancer clinicians and GPs.
Background
Patient non-adherence to medication is a well-recognised problem in all cancer populations [1] , including among hematological cancer patients [2] . Recent findings from three different studies on adherence to imatinib oral therapy in Chronic Myeloid Leukaemia (CML) patients confirm this phenomenon [3] [4] [5] . The proportion of patients not adhering to medication is estimated to be 25 % using pharmacy and medical claims data [3] , 36 % using self-report and pill counts [4] and 2 % using MEMS (microelectronic monitoring devices) [5] . Despite median non-adherence rates being low, Marin and colleagues found that 26 % of patients were less than 90 % adherent and 14 % of patients were less than 80 % adherent [5] .
Poor medication adherence among hematological cancer patients plays a significant role in treatment failure [6] and survival [7] . For example, patients with lower imatinib adherence rates have poorer responses to therapy (such as loss of cytogenetic responses) and higher medical costs [3] [4] [5] . Given that: 1) the number of hematological cancer survivors is growing [8] ; 2) complex and lengthy treatment regimens [9] are becoming increasingly reliant on oral therapy; and 3) serious adverse outcomes have been associated with poor drug adherence, regular assessment of medication adherence by health care providers in this population is critical.
To date, a range of factors involving the patient, their disease characteristics, clinicians and the health care system [10, 11] have been found to impact on medication adherence. These factors include: treatment side effects [10, 12] ; poor patient-doctor relationship [13] ; and medication costs [13] . Patients who lack knowledge about the side-effects and benefits of medication [14] : feel less control over their health care [15] ; dislike aspects of their medication [15] ; have a poorer disease prognosis [16] ; and perceive inadequacies in their health care delivery [16] , are also less likely to adhere. Having insight into these factors may assist clinicians in recognising patients who may be at greater risk of not adhering to oral therapy.
While disease progression, complications or lack of response to therapy may all be signs of poor adherence, these may nevertheless be absent in a patient who is not taking oral medication as prescribed. A key component to improving medication adherence is follow-up and support [17] . Patients should be regularly asked, in a non-judgmental way, about their use of medications by their clinicians [10, 17] . However, a review of the field has found no studies to date which have investigated the degree to which clinicians ask cancer survivors about their adherence to oral therapy.
Further, although hematological cancer survivors are a diverse group, the few studies investigating medication adherence published to date have focussed predominantly on adherence in CML patients only and report wide variations in adherence rates [3] [4] [5] . There remains a vital need to investigate the problem of medication non-adherence in more heterogeneous hematological cancer populations to identify the most common patterns of non-adherence behaviours and better understand clinician practice so that effective strategies can be employed to improve adherence among survivors.
The purpose of this study was to assess self-reported medication adherence by hematological cancer survivors and perceived clinician behaviour in relation to monitoring of their oral therapy adherence. Specifically, it aimed to: 
Method

Study design & setting
The study combined data from two independent crosssectional surveys of adult hematological cancer survivors. In one study, survivors were recruited from three outpatient hematology treatment clinics in three different Australia states, while the second study recruited survivors from one state cancer registry in a fourth Australian state. For both studies, the data presented here on medication adherence was one component of a much larger national study on the unmet needs of haematological cancer survivors.
Sample and procedure
Eligible participants were aged 18 years or older at time of the studies, could read and understand English, and had a confirmed diagnosis of hematological cancer. For registry-recruited participants, diagnosis was within the last 3 years. At treatment clinics, a hematologist or nurse first identified potentially eligible patients who were then approached by a research assistant and invited to take part in the study from October 2012 to March 2013. Consenting patients were asked to complete two pen and paper questionnaires, one in the clinic while waiting for their appointment (which included demographic and disease characteristics) and a second questionnaire one month later that was posted to their home address (containing the medication adherence questions). One written reminder was sent to patients who had not returned their completed survey within two weeks of consenting to participate. Three hundred and ninety-five (395) patients were identified as eligible and approached to participate in the study, and 353 (89 %) consented to participate.
A rolling recruitment method was utilised at the cancer registry. Eligible survivors were identified and approached on an on-going basis between September 2012 and September 2013. Active clinician consent was employed as the standard patient recruitment procedure by this registry. This meant that consent was first required from the treating clinician before the registry contacted their patients. Contacted patients were asked if they agreed to have their contact details released by the registry to the researchers. Participants who consented to having their contact details released were sent a self-administered pen-and-paper questionnaire. Nonresponders were mailed a second copy of the survey approximately four weeks later. There were 1480 hematological cancer survivors identified as eligible for the study. Clinicians consented to the registry contacting 616 of these, with missing registry data, clinician non-response and deceased participants being the main reasons for clinician non-consent. Of the 616 survivors approached by the registry, 316 (51 %) consented to having their contact details forwarded to the researchers.
Ethics approval was obtained from the University of Newcastle Human Research Ethics Committee and the relevant ethics committees associated with each of the treatment clinics and the cancer registry.
Measures
Participants completed a self-administered questionnaire that included questions about demographic characteristics (eg. marital status, education level, employment status) and cancer history and treatment. For participants recruited via the cancer registry, some demographic and disease characteristics (eg. sex, postcode, country of birth, cancer type) were obtained directly from the cancer registry's records.
Participants also completed seven items assessing medication adherence and perceived clinician behaviour that were developed by the research team in close consultation with hematologists and oncologists. Relevant medication adherence behaviours were first identified from a review of the literature, checked against behaviours reported as important by clinicians, and then arranged into a draft questionnaire. The draft questionnaire was sent to three hematologists in Australia and three international experts in the field of medication adherence for review. Any possible missing medication adherence behaviours identified by the experts were then added to the questionnaire. Item wording and response options were also refined. A copy of the final seven items used can be seen in Table 1 .
Statistical analysis
For the purpose of this study, 'non-adherence' was defined as reporting at least one of the four behaviour patterns associated with non-adherent behaviour (items 2 to 5 in Table 1 ). Statistical analysis was undertaken using SAS version 9.4 (SAS Institute Inc, Cary, NC). For each of the seven items assessing adherence and clinician behaviours, the frequency and percentage of responses were calculated to identify the proportion of hematological cancer survivors who reported non-adherence to medication, and the frequency with which cancer survivors report being asked about their medication adherence by their hematologists or their general practitioners (GP)/family doctors. Fisher's exact analyses were used to compare medication adherence behaviour by sex, age, rural versus urban geographical location and cancer type. Rural versus urban location was defined using postcode at diagnosis, based on the Australian Bureau of Statistics (ABS) five categories of the Accessibility and Remoteness Index of Australia (ARIA+) classification [18] . Participants whose postcodes fell within the ABS categories of major cities of Australia and inner regional were classified as 'urban'. Those with postcodes falling within the categories of outer regional, remote and very remote Australia were defined as 'rural'. Fisher's exact test was also used to identify demographic and disease characteristics associated with infrequent medication adherence monitoring by clinicians. While sample size estimates were not calculated for the sub-studies presented, both of the larger studies from which they derived were estimated to permit statistical analyses with a power of 80 % and a significance level of 5 % in relation to the main outcome measures.
Results
Participants
Two hundred and fifteen patients attending outpatient hematological treatment centres and 216 hematological cancer survivors recruited through the cancer registry completed survey items pertaining to medication adherence (total n = 431), representing participation rates of 54 % and 42 % respectively. Of these, 160 participants (37 %) reported taking at least one medication each day related to their cancer diagnosis or treatment sideeffects. The majority of participants were males (55 %) and only 3 % of participants were aged less than 40 years (see Table 2 ). The most common cancer type was myeloma (38 %). Participants recruited through treatment centres differed from those recruited via the cancer registry in regard to usual residence (p < 0.0001) and time since diagnosis (p < 0.0001) with treatment centre participants more likely to live in urban areas and be less than 2 years post-diagnosis compared with registryrecruited cancer survivors. Participants differed from non-participants in regard to age (p = 0.0007) with fewer participants aged below 50 years and cancer type (p = 0.029) with higher proportions of participants with NHL and myeloma and a lower proportion of Hodgkin lymphoma cancer patients. The study samples did not differ from non-participants by sex or usual residence.
The 160 participants who reported taking daily medication differed from non-medication participants in time since diagnosis (p < 0.0001) with medicated participants more likely to be diagnosed less than 2 years prior, and by cancer type (p < 0.0001) with higher proportions of participants with acute leukaemia and myeloma reporting taking cancer-related medications every day.
Medication non-adherence behaviour of hematological cancer survivors
Of the 160 participants taking daily medications, almost a quarter (24 %, n = 38) were taking five or more medications each day (see Fig. 1 ). Eighty-six percent of participants prescribed oral therapy were found to be adherent, with 14 % (n = 23) defined as 'non-adherent' according to the study criteria. The most commonly reported nonadherent behaviour was missing a dose (9 %, n = 15) with very few participants failing to take their medication at the correct time (3 %, n = 4) or ceasing a medication without Totals may not equal sample size due to missing data values their doctor's approval (3 %, n = 4) (see Table 3 ). Usual residence was significantly associated with non-adherence behaviour with urban participants more likely to be nonadherent compared with rural (p < 0.007). The only other factor significantly associated with non-adherence was age with those aged less than 40 years more likely to report non-adherence behaviours (p < 0.039).
Monitoring of medication adherence by clinicians
Among hematological cancer survivors on daily oral therapy, only 41 % indicated that their hematologist or cancer doctor 'always' asked whether they had been taking their prescribed cancer-related medications during their last six visits. Almost a quarter (23 %, n = 37) of participants reported that they were 'never' asked about their medications. A high proportion of participants (40 %) also indicated that they were never asked whether they had been taking their prescribed cancer-related medications by their GP or regular doctor during the last six visits, with only 29 % reporting being 'always' questioned about cancer-related medications by their GP (see Table 4 ). There was no significant difference in adherence behavior between participants who reported "always" being asked by their hematologist or their GP about medications compared to those who reported that they were asked only "sometimes" or "never" (p = 0.072).
Factors associated with clinician monitoring of adherence
For both hematologists and regular GPs, no significant differences were found between cancer survivors who were 'always' asked about taking their cancer-related medication and those who were not, in relation to the survivors' gender, age, cancer type, time since diagnosis, marital status, education level and number of medications taken per day (see Table 5 ). Did not take a medication at the correct time prescribed in last 7 days 4 3
Took a higher dose of medication than prescribed in last 7 days 3 2
Stopped taking a prescribed medication without first getting doctor's approval in last 6 months 4 3
Reported at least 1 or more medication non-adherence behaviour 23 a 14 a Some participants reported more than one behaviour
Discussion
Although many hematological cancers require long-term management [9] , this study found that only 37 % of participants were taking daily medication related to their cancer or side-effects of treatment. As a significant proportion of participants had been diagnosed more than two years prior to the survey, it is likely that some may have completed treatment and/or were in the 'watchful waiting' stage of survivorship [19] . Of the 160 survivors who were currently prescribed oral therapy, the majority (86 %) were found to be adherent. While this provides evidence that medication non-adherence among hematological cancer survivors occurs, it suggests that the problem may not be as Missing data n = 3 Table 5 Associations between patient characteristics and clinician monitoring of medication adherence Sometimes or never (n = 112) extensive as previous research has indicated [11] . Our self-reported non-adherence rate of 14 % is less than the 36 % found by Noens et al. [4] but greater than the 9 % reported in the findings of the IRIS trial (International Randomized Study of Interferon versus ST1571) [20] . The difference in reported non-adherence rates could be due to the fact that previous studies had investigated only CML patients in contrast to the present study which included all major hematological cancers. Further, it is likely that the 9 % non-adherence rate reported in the IRIS clinical trial [2] was due to the close surveillance and greater assessment frequency of patients involved in a clinical trial compared to "real world" patient populations.
The most commonly reported non-adherent behaviour in the current study was missing a dose, consistent with broader findings relating to medication adherence for general health care [21] . However, we were not able to determine whether this behaviour was unintentional (ie. simply forgetting) or a deliberate choice to not take a medication. Previous research has suggested that few cancer patients intentionally choose to miss a dose [15] . Participants were further not asked to distinguish between oral cancer medications and medications taken to prevent or manage treatment side effects, hence it is possible that when a dose is missed, this could relate to medications for side-effects.
To our knowledge, this study was the first to examine clinician behaviour in relation to monitoring medication adherence in hematological cancer survivors. Only 41 % of survivors (currently taking oral therapy) reported being always asked about their medications by their cancer doctor, with most participants indicating that they were never or only 'sometimes' prompted by either their hematologist or regular clinician to discuss their cancerrelated medications. Even though survivor self-report was used as a proxy measure for actual clinician behaviour, the perceived low frequency of clinician-initiated questions regarding medications may be interpreted by cancer survivors to mean that medications and adherence to a prescribed schedule are not important to their prognosis. Given evidence that patients' beliefs about the costs and benefits of oral therapy is a strong predictor of adherence [22, 23] , further research is needed to investigate the actions of clinicians and their role in guiding survivors' beliefs about the risk-benefit ratio. Clinicians themselves acknowledge the critical role they play in patient education [4] and endorse the routine assessment of adherence behaviour in hematological cancer survivors [4, 10] . The perceived poor assessment of medication adherence by clinicians may reflect an assumption on the clinician's behalf that patients are fully adherent or a belief that survivors with a longer time since diagnosis may have already developed a good understanding of the importance of taking their medication.
Strengths and limitations
This study investigated a diverse sample of hematological cancer survivors recruited from two different sources as opposed to focussing on only a single hematological cancer type or recruiting patients via treatment centres only. Many participants had already gone through intensive treatment and were currently focussed on the long-term management of their cancer, providing a unique and previously unexplored hematological cancer population. Despite these strengths, the findings of this study should be considered within the limitations of the data and study design. First, adherence was measured using participant selfreport which may over or under-estimate medication adherence compared to other direct and/or indirect measurement methods [10] . However, in the absence of a gold standard, patient self-report is still considered to be the most simple and cost-effective measurement method [10] . Second, as previously noted, clinician monitoring behaviour was also measured via patient self-report rather than direct observation or clinician self-report and as such may be subject to recall bias. Third, the combined study samples recruited via two different methods may limit the generalizability of findings. Given that most participants were more than two years post-diagnosis and currently taking few medications, the results obtained may not be applicable to all hematological cancer patients, particularly those who are more recently diagnosed. Further, the low consent rate of participants recruited from the registry (36 %) may also affect generalisability of results, however the response rate in the present study is comparable with other studies utilising cancer registries for recruitment [24, 25] . Finally, the present study only investigated monitoring of adherence by hematologists and regular doctors. Pharmacists are increasingly playing a critical role in managing medication adherence in patients but were not included in the present study [17] . While we attempted to identify whether there were any specific patient characteristics associated with clinician monitoring of adherence, other potential characteristics of clinician behaviour (such as clinician demographics and health care system factors) were not measured. Further research should explore these and other variables to provide a greater understanding of barriers to medication adherence monitoring by clinicians.
Conclusion
This study has shown that a small but significant proportion of hematological cancer survivors do not adhere to their oral therapy regimen. Missing a dose of one or more medications in the last seven days was the most commonly reported non-adherent behaviour. Despite the serious consequences associated with non-adherence to oral therapy and acknowledgement of the need to provide follow-up support to survivors, the findings presented here indicate that clinicians are not routinely 
